PRINTED CIRCUIT BOARD FOR HIGH SPEED, HIGH DENSITY ELECTRICAL 
CONNECTOR WITH IMPROVED CROSS-TALK MINIMIZATION, 
ATTENUATION AND IMPEDANCE MISMATCH CHARACTERISTICS 

5 Background Of The Invention 

This invention relates generally to an electrical connector assembly for 
interconnecting printed circuit boards. More specifically, this invention relates to a high 
speed, high density electrical connector assembly that provides improved cross-talk 
minimization and improved attenuation and impedance mismatch characteristics. 

10 Electrical connectors are used in many electronic systems. It is generally easier 

and more cost effective to manufacture a system on several printed circuit boards 
("PCBs") which are then connected to one another by electrical connectors. A traditional 
arrangement for connecting several PCBs is to have one PCB serve as a backplane. 
Other PCBs, which are called daughter boards or daughter cards, are then connected 

1 5 through the backplane by electrical connectors. 

Electronic systems have generally become smaller, faster and functionally more 
complex. This typically means that the number of circuits in a given area of an electronic 
system, along with the frequencies at which the circuits operate, have increased 
significantly in recent years. The systems handle more data and require electrical 

20 connectors that are electrically capable of handling the increased bandwidth. 

As signal frequencies increase, there is a greater possibility of electrical noise 
being generated in the connector in forms such as reflections, cross-talk and 
electromagnetic radiation. Therefore, the electrical connectors are designed to control 
cross-talk between different signal paths, and to control the characteristic impedance of 

25 each signal path. In order to reduce signal reflections in a typical module, the 
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characteristic impedance of a signal path is generally determined by the distance between 
the signal conductor for this path and associated ground conductors, as well as both the 
cross-sectional dimensions of the signal conductor and the effective dielectric constant of 
the insulating materials located between these signal and ground conductors. 
5 Cross-talk between distinct signal paths can be controlled by arranging the 

various signal paths so that they are spaced further from each other and nearer to a shield 
plate, which is generally the ground plate. Thus, the different signal paths tend to 
electromagnetically couple more to the ground conductor path, and less with each other. 
For a given level of cross-talk, the signal paths can be placed closer together when 

10 sufficient electromagnetic coupling to the ground conductors are maintained. 

Electrical connectors can be designed for single-ended signals as well as for 
differential signals. A single-ended signal is carried on a single signal conducting path, 
with the voltage relative to a common ground reference set of conductors being the 
signal. For this reason, single-ended signal paths are very sensitive to any common-mode 

15 noise present on the common reference conductors. It has thus been recognized that this 
presents a significant limitation on single-ended signal use for systems with growing 
numbers of higher frequency signal paths. 

Differential signals are signals represented by a pair of conducting paths, called a 
"differential pair/' The voltage difference between the conductive paths represents the 

20 signal. In general, the two conducing paths of a differential pair are arranged to run near 
each other. If any other source of electrical noise is electromagnetically coupled to the 
differential pair, the effect on each conducting path of the pair should be similar. 
Because the signal on the differential pair is treated as the difference between the 
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voltages on the two conducting paths, a common noise voltage that is coupled to both 
conducting paths in the differential pair does not affect the signal This renders a 
differential pair less sensitive to cross-talk noise, as compared with a single-ended signal 
path. 

5 One example of a differential pair electrical connector is shown in U.S. Patent No. 

6,293,827 ("the '827 patent"), which is assigned to the assignee of the present 
application. The '827 patent is incorporated by reference herein. The '827 patent 
discloses a differential signal electrical connector that generally utilizes individual shields 
corresponding to each pair of differential signals to provide shielding. 

10 While the electrical connector disclosed in the '827 patent and other presently 

available differential pair electrical connector designs provide generally satisfactory 
performance, the inventors of the present invention have noted that at high speeds (for 
example, signal frequency of 3 GHz or greater), the presently available electrical 
connector designs may not sufficiently provide desired minimal cross-talk, impedance 

15 and attenuation mismatch characteristics. 

These problems of cross-talk, impedance and attenuation mismatch are more 
significant when the electrical connector utilizes single-ended signals, rather than 
differential signals. 

What is desired, therefore, is a high speed, high density electrical connector 

20 design that provides improved cross-talk minimization, impedance and attenuation 

control regardless of whether the connector utilizes single-ended signals or differential 
signals. Further, what is desired is a printed circuit board for such high speed, high 
density electrical connector design. 
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Summary Of The Invention 

In the preferred embodiment, there is disclosed a printed circuit board having a 
surface providing a mating interface to which is electrically connected an electrical 
connector having signal conductors and ground conductors. The printed circuit board 

5 includes a plurality of stacked dielectric layers, with a conductor disposed on at least one 
of the plurality of dielectric layers. The mating interface includes a plurality of 
conductive vias aligned in a plurality of rows, with the plurality of conductive vias 
extending through at least a portion of the plurality of dielectric layers, at least one of the 
plurality of conductive vias intersecting the conductor. The plurality of conductive vias 

10 includes signal conductor connecting conductive vias and ground conductor connecting 
conductive vias. For each of the plurality of rows of the conductive vias, there are at 
least twice as many ground conductor connecting conductive vias as signal conductor 
connecting conductive vias and the conductive vias are positioned relative to one another 
so that for each signal conductor connecting conductive via, there are ground conductor 

15 connecting conductive vias adjacent either side of the signal conductor connecting 
conductive via. 

Brief Description Of The Drawings 

The foregoing features of this invention, as well as the invention itself, may be 
20 more fully understood from the following description of the drawings in which: 

FIG. 1 is a perspective view of an electrical connector assembly of the present 
invention showing a first electrical connector about to mate with a second electrical 
connector; 
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FIG. 2 is an exploded view of the first electrical connector of FIG. 1, showing a 
plurality of wafers; 

FIG. 3 is a perspective view of signal conductors of one of the wafers of the first 
electrical connector of FIG. 2; 
5 FIG. 4 is a side view of the signal conductors of FIG. 3 with an insulative housing 

formed around the signal conductors; 

FIG. 5 a is a side view of shield strips of one of the wafers of the first electrical 
connector of FIG. 2; 

FIG. 5b is a perspective view of the shield strips of FIG. 5a; 
10 FIG. 6 is a side view of the shield strips of FIG. 5a formed on two lead frames, 

with each lead frame holding half of the shield strips; 

FIG. 7 is a side view of the shield strips of FIG. 5 a with an insulative housing 
formed around the shield strips; 

FIG. 8a is a perspective view of an assembled one of the wafers of the first 
1 5 electrical connector of FIG. 2 ; 

FIG. 8b is a front view of a portion of the assembled wafer of FIG. 8a, showing 
first contact ends of the signal conductors and the shield strips configured for connection 
to a printed circuit board; 

FIG. 9 is a perspective view of insulative housing of the second electrical 
20 connector of FIG. 1; 

FIG. 10 is a bottom view of the insulative housing of FIG. 9; 

FIG. 1 1 is a perspective view of a row of insulative posts disposable in the 
insulative housing of FIG. 9; 
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FIG. 12a is a perspective view of a ground conductor of the second electrical 
connector of FIG. 1; 

FIG. 12b is a perspective view of a signal conductor of the second electrical 
connector of FIG. 1; 

5 FIG. 13 is a perspective view of the row of insulative posts of FIG. 11, showing 

the ground conductors of FIG. 12a and the signal conductors of FIG. 12b disposed 
therein; 

FIG. 14 is a top view of a portion of a printed circuit board to which an electrical 
connector in accordance with the present invention, such as the first electrical connector 
10 and/or the second electrical connector of FIG. 1, can be connected; 

FIG. 15a shows a portion of a ground plane of the printed circuit board of FIG. 

14; 

FIG. 15b shows a portion of a power voltage plane of the printed circuit board of 
FIG. 14; 

15 FIG. 16 is a perspective view of a portion of a printed circuit board, which is an 

alternative embodiment of the printed circuit board of FIG. 14; and 

FIG. 17 is a top view of a portion of a printed circuit board, which is still another 
embodiment of the printed circuit board of FIG. 14. 



20 Detailed Description Of The Invention 

Referring to FIG. 1, there is shown an electrical connector assembly in 
accordance with an embodiment of the present invention. The electrical connector 
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assembly 10 includes a first electrical connector 100 mateable to a second electrical 
connector 200. 

The first electrical connector 100, which is shown in greater detail in FIGS. 2-8b, 
includes a plurality of wafers 120, with each of the plurality of wafers 120 having an 
5 insulative housing 122, a plurality of signal conductors 124 (see FIG. 3) and a plurality of 
shield strips 126 (see FIGS. 5a and 5b). For exemplary purposes only, the first electrical 
connector 100 is illustrated with ten wafers 120, with each wafer 120 having fourteen 
single-ended signal conductors 124 and corresponding fourteen shield strips 126. 
However, as it will become apparent later, the number of wafers and the number of signal 

10 conductors and shield strips in each wafer may be varied as desired. 

The first electrical connector 100 is also shown having side walls 102 on either 
end, with each side wall 102 having an opening 104 for receiving a guide pin (which may 
also be referred to as a corresponding rod) 204 of a side wall 202 of the second electrical 
connector 200. Each side wall 102 further includes features 105, 106 to engage slots in 

15 stiffeners 1 10, 1 1 1, respectively. Likewise, the insulative housing 122 of each wafer 120 
provides features 113, 1 14 to engage the slots in stiffeners 1 10, 1 1 1, respectively. 

Each signal conductor 124 has a first contact end 130 connectable to a printed 
circuit board, such as the printed circuit board 50 shown in part in FIG. 14, a second 
contact end 132 connectable to the second electrical connector 200, and an intermediate 

20 portion 131 therebetween. Each shield strip 126 has a first contact end 140 connectable 
to the printed circuit board, such as the printed circuit board 50 shown in part in FIG. 14, 
a second contact end 142 connectable to the second electrical connector 200, and an 
intermediate portion 141 therebetween. 
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In the embodiment of the invention illustrated in FIGS. l-8b, the first contact end 
130 of the signal conductors 124 includes a contact tail 133 having a contact pad 133a 
that is adapted for soldering to the printed circuit board. The second contact end 132 of 
the signal conductors 124 includes a dual beam structure 134 configured to mate to a 
5 corresponding mating structure of the second electrical connector 200, to be described 
below. The first contact end 140 of the shield strips 126 includes at least two contact tails 
143, 144 having contact pads 143 a, 144a, respectively, that are adapted for soldering to 
the printed circuit board. The second contact end 142 of the shield strips 126 includes 
opposing contacting members 145, 146 that are configured to provide a predetermined 

10 amount of flexibility when mating to a corresponding structure of the second electrical 
connector 200. While the drawings show contact tails adapted for soldering, it should be 
apparent to one of ordinary skill in the art that the first contact end 130 of the signal 
conductors 124 and the first contact end 140 of the shield strips 126 may take any known 
form (e.g., press-fit contacts, pressure-mount contacts, paste-in-hole solder attachment) 

15 for connecting to a printed circuit board. 

Still referring to FIGS. 5a and 5b, the intermediate portion 141 of each shield strip 
126 has a surface 141s with a first edge 147a and a second edge 147b, at least one of the 
first edge 147a or the second edge 147b being bent. In the preferred embodiment, the 
first edge 147a is bent substantially perpendicular to the surface 141s of the shield strip 

20 126 and extends through to the end of the second contact end 142 (but not through to the 
end of the first contact end 140). As will be described in greater detail below, the design 
of the shield strips 126 is significant in addressing the problems of cross-talk, impedance 
and attenuation mismatch set forth in the Background of the Invention section. 
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FIG. 4 is a side view of the signal conductors 124 of FIG. 3, with the signal 
conductors 124 disposed in a first insulative housing portion 160. Preferably, the first 
insulative housing portion 160 is formed around the signal conductors 124 by injection 
molding plastic. To facilitate this process, the signal conductors 124 are preferably held 
5 together on a lead frame (not shown) as known in the art. Although not required, the first 
insulative housing portion 160 may be provided with windows 161 adjacent the signal 
conductors 124. These windows 161 are intended to generally serve two purposes: (i) 
ensure during injection molding process that the signal conductors 124 are properly 
positioned, and (ii) impedance control to achieve desired impedance characteristics. 

10 FIG. 7 is a side view of the shield strips 126 of FIGS. 5a and 5b, with the shield 

strips 126 disposed in a second insulative housing portion 170. Whereas the second 
contact ends 132 of the signal conductors 124 are not disposed in the first insulative 
housing portion 160, the second contact ends 142 of the shield strips 126 are preferably 
disposed in the second insulative housing portion 170. Also, the second insulative 

15 housing portion 170 around the second contact ends 142 of the shield strips 126 is 
configured so as to be able to receive the second contact ends 132 of the signal 
conductors 124 when the first and the second insulative housing portions 160, 170 are 
attached together to form a wafer 120. 

Preferably, the second insulative housing portion 170 is formed around the shield 

20 strips 126 by injection molding plastic. Note that although not required, the second 
insulative housing portion 170 may be provided with windows 171 adjacent the shield 
strips 126. These windows 171 are intended to ensure during the injection molding 
process that the shield strips 126 are properly positioned. 
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To facilitate the injection molding process, the shield strips 126 are preferably 
held together on two lead frames 172, 174, as shown in FIG. 6. Each lead frame 172, 174 
holds every other of the plurality of the shield strips 126, so when the lead frames 172, 
174 are placed together, the shield strips 126 will be aligned as shown in FIGS. 5a and 
5 5b. In the embodiment shown, each lead frame 172, 174 holds a total of seven shield 
strips 126. 

The reason for utilizing two lead frames relates to easing manufacturability. As 
discussed above in connection with FIGS. 5a and 5b, each shield strip 126 has the surface 
141s with the first edge 147a and the second edge 147b, at least one of which is bent. 

10 Because of the need to place the shield strips 126 closely adjacent one another as shown 
in FIGS. 5a and 5b (in the preferred embodiment, each shield strip 126 is electrically 
isolated from its adjacent shield strips by a layer of plastic when the second insulative 
housing portion 170 is formed around the shield strips 126; however, the shield strips 126 
of each wafer 120 may also be electrically connected to one another), and the 

15 requirement for having a bent edge 147a, 147b, it is thus required to use at least two lead 
frames 172, 174 during the manufacturing process. 

The lead frame 172 includes tie bars 175 which connect to the second contact 
ends 142 of its respective shield strips 126 and tie bars 176 which connect to the first 
contact ends 140 of the shield strips 126. The lead frame 174 includes tie bars 177 which 

20 connect to the second contact ends 142 of its respective shield strips 126 and tie bars 178 
which connect to the first contact ends 140 of the shield strips 126. These tie bars 175- 
178 are cut during subsequent manufacturing processes. 
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Note that the first insulative housing portion 160 includes attachment features (not 
shown) and the second insulative housing portion 170 includes attachment features (not 
shown) that correspond to the attachment features of the first insulative housing portion 
160 for attachment thereto. Such attachment features may include protrusions and 
5 corresponding receiving openings. Other attachment features as known in the art may 
also be utilized. 

When the first insulative housing portion 160 and the second insulative housing 
portion 170 are attached together to form a wafer 120 as shown in FIGS. 8a and 8b, each 
signal conductor 124 is positioned along the surface 141s adjacent its corresponding 

10 shield strip 126. And the bent edge 147a, 147b of the surface 141s is directed toward the 
corresponding signal conductor 124. In the embodiment of the invention shown, the 
contact pads 133a of the signal conductors 124 and the contact pads 143a, 144a of the 
shield strips 126 are aligned along a line for attachment to a printed circuit board, such as 
the printed circuit board 50 of FIG. 14. One way to provide alignment of the contact 

15 pads 133a, 143a, 144a along a line is to provide the first contact ends 130 of the signal 
conductors 124 with a curved portion 135 (see FIG. 3) having a predetermined curvature. 
Note that the first contact ends 140 of the shield strips 126 may also be provided with a 
curved portion having a predetermined curvature. 

The first electrical connector 100 may also be configured to carry differential 

20 pairs of signals. In this case, a second plurality of signal conductors is preferably 

provided to each of the plurality of wafers 120. And the surface 141s of each shield strip 
is preferably wider than a distance between the signals of a corresponding differential 
pair to provide sufficient shielding. 
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Referring now to FIG. 9, there is shown a perspective view of an insulative 
housing 210 of the second electrical connector 200 of FIG. 1. The insulative housing 210 
has a first end wall 214 with an inner surface 214a and an outer surface 214b, a second 
end wall 215 with an inner surface 215a and an outer surface 215b, and a base 216. The 
5 inner surfaces 214a, 215a of the first and second end walls 214, 215, respectively, define 
grooves for receiving the wafers 120 of the first electrical connector 100. The outer 
surfaces 214b, 215b of the first and second end walls 214, 215, respectively, define 
features 218, 219 to engage slots in stiffeners 206 (only one of which is shown in FIG. 1). 

The base 216 of the insulative housing 210 has a top surface 216a with a plurality 
10 of openings 21 1 and a bottom surface 216b with a plurality of slots 217 (see FIG. 10). As 
will be described hereinafter, the slots 217 and the openings 216 are configured to receive 
a plurality of signal conductors 240 and ground conductors 250 disposed on insulative 
posts 230 of the second electrical connector 200. While the insulative housing 210 
shown in FIGS. 9 and 10 has ten grooves for receiving the wafers 120 and ten slots 217 
15 for receiving signal conductors 240 and ground conductors 250 disposed on insulative 
posts 230, the insulative housing may be designed to provide any number of grooves and 
slots as desired. This design flexibility provides modularity of the present invention 
connector solution. 

FIG. 1 1 shows a row of the insulative posts 230, with each insulative post 230 
20 having a first side 23 1 and a second side 232. Each of the first side 23 1 and the second 
side 232 may be provided with a groove. Preferably, the insulative posts 230 of the row 
are attached to one another, as shown. This can be done during the molding process or 
by other methods known in the art. Each insulative post 230 also has a hole 234 on a 
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bottom surface 233, through which the signal conductor 240 is inserted. Note that in an 
alternative embodiment (not shown), the insulative posts 230 may be formed around the 
signal conductors 240 by injection molding plastic. 

Each signal conductor 240, as shown in FIG. 12b, has a first contact end 241 
5 connectable to a printed circuit board, such as the printed circuit board 50 shown in part 
in FIG. 14, a second contact end 243 connectable to the second contact end 132 of the 
corresponding signal conductor 124 of the first electrical connector 100, and an 
intermediate portion 242 therebetween. Each ground conductor 250, as shown in FIG. 
12a, has a first contact end 251 connectable to a printed circuit board, such as the printed 

10 circuit board 50 shown in part in FIG. 14, a second contact end 253 connectable to the 
second contact end 142 of the corresponding shield strip 126 of the first electrical 
connector 100, and an intermediate portion 252 therebetween. 

In the embodiment of the invention illustrated in FIGS. 12a- 13, the first contact 
end 241 of the signal conductors 240 includes a contact tail 244 having a contact pad 

15 244a that is adapted for soldering to the printed circuit board. The second contact end 
243 of the signal conductors 240 is configured as a blade to connect to the dual beam 
structure 134 of the corresponding signal conductors 124 of the first electrical connector 
100. The first contact end 251 of the ground conductors 250 includes at least two contact 
tails 254, 255 having contact pads 254a, 255a, respectively, that are adapted for soldering 

20 to the printed circuit board. The second contact end 253 of the ground conductors 250 is 
configured as a blade to connect to the opposing contacting members 145, 146 of the 
corresponding shield strips 126 of the first electrical connector 100. While the drawings 
show contact tails adapted for soldering, it should be apparent to one of ordinary skill in 



13 



the art that the first contact end 241 of the signal conductors 240 and the first contact end 
251 of the ground conductors 250 may take any known form (e.g., press-fit contacts, 
pressure-mount contacts, paste-in-hole solder attachment) for connecting to a printed 
circuit board. 

Still referring to FIG. 12a, the intermediate portion 252 of each ground conductor 
250 has a surface 252s with a first edge 257a and a second edge 257b, at least one of the 
first edge 257a or the second edge 257b being bent. In the preferred embodiment, the 
first edge 257a is bent substantially perpendicular to the surface 252s of the ground 
conductor 250. Note, however, that for one of the end ground conductors 250, both the 
first edge 257a and the second edge 157b are preferably bent (see FIG. 13, where the left- 
most ground conductor is shown with both edges bent). As will be described below in 
greater detail, the design of the ground conductors 250 is significant in addressing the 
problems of cross-talk, impedance and attenuation mismatch set forth in the Background 
of the Invention section. 

FIG. 13 shows a row of insulative posts 230, with signal conductors 240 and 
ground conductors 250 disposed therein. The signal conductors 240 are disposed along 
the first side 231 of the insulative posts 230 and the ground conductors 250 are disposed 
along the second side 232 of the insulative posts 230. Because the first and second sides 
231, 232 of the insulative post 230 are positioned on opposite sides, this ensures that the 
signal conductor 240 and the ground conductor 250 are electrically isolated from one 
another. Note that the insulative posts 230 are provided with slits configured to receive 
bent first edge 257a (and/or the bent second edge 257b) of the ground conductors 250 
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when the ground conductors are inserted into the insulative posts 230 through the holes 
234. 

When the signal conductors 240 and the ground conductors 250 are disposed 
along the insulative posts 230, the bent first edge 257a of each ground conductor 250 is 
5 directed toward the corresponding signal conductor 240. In the embodiment of the 

invention shown, the contact pads 244a of the signal conductors 240 and the contact pads 
254a, 255a of the ground conductors 250 are aligned along a line for attachment to a 
printed circuit board, such as the printed circuit board 50 of FIG. 14. One way to provide 
alignment of the contact pads 244a, 254a, 255 a along a line is to provide the first contact 

10 ends 241 of the signal conductors 240 with a curved portion 248 (see FIG. 12b) having a 
predetermined curvature. The first contact ends 251 of the ground conductors 250 may 
also be provided with a curved portion having a predetermined curvature. 

The second electrical connector 200 may also be configured to carry differential 
pairs of signals. In this case, a second plurality of signal conductors is preferably 

15 provided to each row of the insulative posts 230. And the surface 252s of each ground 
conductor is preferably wider than a distance between the signals of a corresponding 
differential pair to provide sufficient shielding. 

For exemplary purposes only, the insulative housing 210 of the second electrical 
connector 200 is illustrated to receive ten rows of insulative posts 230 having signal 

20 conductors 240 and ground conductors 250 disposed thereon. Each row has fourteen 
insulative posts 230. These ten rows with each row having fourteen insulative posts 230 
correspond to the ten wafers 120 of the first electrical connector 100, with each wafer 120 
having fourteen signal conductors 124 and corresponding shield strips 126. It should be 
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apparent to one of ordinary skill in the art that the number of wafers 120, the number of 
signal conductors 124 and shield strips 126, the number of rows of insulative posts 230, 
and the number of signal conductors 240 and ground conductors 250 may be varied as 
desired. It should also be apparent that while the figures show the insulative posts 230 to 
5 be insertable into openings in the insulative housing 210, the insulative posts 230 may 
also be integrally formed with the insulative housing 210 by molding. 

Referring now to FIG. 14, there is shown a portion of the printed circuit board 50 
to which an electrical connector in accordance with the present invention, such as the first 
electrical connector 100 and/or the second electrical connector 200, can be connected. 

10 FIG. 14 is an embodiment of a layout of surface mounting pads on the printed circuit 
board 50. Signal conductor surface mounting pads 52 and ground conductor surface 
mounting pads 53 are aligned in rows corresponding to the contact tails of the signal 
conductors and the ground conductors of the electrical connector. Illustrated on each 
mounting pad is a circle 52a, 53a which indicates where a conductive via is preferably 

15 located underneath the corresponding surface mounting pad. Note that the conductive 
vias would not be visible due to the surface mounting pads in the preferred embodiment. 
Here, only five rows of surface mounting pads are shown for exemplary purposes. 

The signal conductor surface mounting pads 52 are generally configured in an I- 
shape while the ground conductor surface mounting pads 53 are also generally configured 

20 in an I-shape, but with an end 54 proximal to the circle 53a directed toward the adjacent 
signal conductor surface mounting pad 52. Also, as shown in FIG. 14, for ground 
conductor surface mounting pads that are adjacent to one another, indicated by reference 
number 55, the ground conductor surface mounting pads may be connected to one 
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another by a bridging portion 57. These bridging portions 57 provide adjacent ground 
conductor surface mounting pads 55 with a general H-shaped configuration. 

As mentioned above, under the surface mounting pads 52, 53 are conductive vias. 
That is, under the signal conductor surface mounting pads 52 are signal conductor 
5 connecting conductive vias and under the ground conductor surface mounting pads 53 are 
ground conductor connecting conductive vias. As is known in the art, printed circuit 
boards are generally formed of multiple layers of dielectric substrates with conductive 
traces or planes formed on one or more of the dielectric layers. Vias generally extend 
between layers of the multi-layer printed circuit board. Vias which extend through all 

10 layers of a multi-layer printed circuit board are sometimes referred to as through-holes. 
The vias are usually formed after the layers of substrates are formed into a printed circuit 
board. Conductive vias intersect conductive traces on different layers. Conductive vias 
also interconnect components mounted on the printed circuit board to conductive traces 
on inner layers of the printed circuit board. 

15 Between adjacent rows of FIG. 14, there would be routing channels (not shown) 

in the printed circuit board 50. Also, routing channels may be provided between adjacent 
repeating patterns along the row of ground conductor connecting conductive via - signal 
conductor connecting conductive via - ground conductor connecting conductive via. 

Note that a distance between a signal conductor connecting conductive via and an 

20 adjacent ground conductor connecting conductive via of a row is less than a distance 
between adjacent rows of the conductive vias. In addition, for each row of conductive 
vias, a distance between a signal conductor connecting conductive via and an adjacent 
ground conductor connecting conductive via on one side is preferably similar to a 



17 



distance between the signal conductor connecting conductive via and an adjacent ground 
conductor connecting conductive via on the other side. Because of the configurations of 
the surface mounting pads and the relative positions of the conductive vias, cross-talk is 
minimized. 

FIG. 15a shows a portion of a ground plane 60 formed on one of the dielectric 
layers of the printed circuit board 50. Typically, the printed circuit board 50 will have 
more than one ground plane. The ground plane 60 has extending therethrough signal 
conductor connecting conductive vias 61 and adjacent ground conductor connecting 
conductive vias 62. For each signal conductor connecting conductive via 61, there is 
provided an area 63 surrounding the signal conductor connecting conductive via 61 that 
is free of the ground plane layer 60. This free area is sometimes referred to as an 
"antipad" For each ground conductor connecting conductive via 62, there is provided at 
least one discrete area 64 adjacent the ground conductor connecting conductive via 62 
that is free of the ground plane layer 60. In the embodiment illustrated in FIG. 15a, there 
are three such antipads 64 adjacent each ground conductor connecting conductive via 62, 
and the antipad 63 surrounding the signal conductor connecting conductive via 61 is 
circular in shape. 

FIG. 15b shows a portion of a power voltage plane 70 formed on one of the 
dielectric layers of the printed circuit board 50. Typically, the printed circuit board 50 
will have more than one power voltage plane. The power voltage plane 70 has extending 
therethrough signal conductor connecting conductive vias 61 and adjacent ground 
conductor connecting conductive vias 62. For the signal conductor connecting 
conductive via 61 and its adjacent ground conductor connecting conductive vias 62, there 
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is provided an area 72 surrounding the signal conductor connecting conductive via 61 
that is free of the power voltage plane layer 70 and areas 73, 74 surrounding the ground 
conductor connecting conductive vias 62 that are free of the power voltage plane layer 
70. In the embodiment illustrated in FIG. 15b, each of the antipads 72, 73, 74 are circular 
5 in shape and connected to one another. 

From tests performed, it has been demonstrated that this configuration of the 
conductive vias and their respective antipads provide desirable electrical as well as 
thermal characteristics. However, it should be apparent to one of ordinary skill in the art 
that other configurations may be utilized. 

10 Referring now to FIG. 16, there is shown a perspective view of a portion of a 

printed circuit board 80, which is an alternative embodiment of the printed circuit board 
50 of FIG. 14. Signal conductor surface mounting pads 82 and ground conductor surface 
mounting pads 83 are aligned in rows corresponding to the contact tails of the signal 
conductors and the ground conductors of the electrical connector. However, unlike the 

15 mounting pads 52, 53 of FIG. 14, both the signal conductor surface mounting pads 82 and 
the ground conductor surface mounting pads 83 of FIG. 16 are configured in a straight I- 
shape. Also, for ground conductor surface mounting pads that are adjacent to one 
another, indicated by reference number 85, the ground conductor surface mounting pads 
may be connected to one another by two bridging portions 86, 87. These bridging 

20 portions 86, 87 provide adjacent ground conductor surface mounting pads 85 with a 
general H-shaped configuration. Further, the conductive vias under each row of the 
surface mounting pads of the printed circuit board 80 are preferably aligned along a line. 
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FIG. 17 shows a top view of a portion of a printed circuit board 90, which is still 
another embodiment of the printed circuit board 50 of FIG. 14. The printed circuit board 
90 has interleaved first and second rows 90a, 90b. Each first row 90a is similar to a row 
of surface mounting pads of FIG. 16. Each second row 90b is also similar to a row of 
5 surface mounting pads of FIG. 16; however, it is as if the row of surface mounting pads 
of FIG. 16 has shifted to either the right or the left relative to the first row 90a. In the 
illustrated embodiment of FIG. 17, the second row 90b has moved to the right relative to 
the first row 90a so that each signal conductor connecting conductive via of the first and 
second rows 90a, 90b has a ground conductor connecting conductive via adjacent on at 

10 least three sides. 

Note that for the printed circuit board 90, the distance between adjacent rows of 
surface mounting pads (i.e., distance between rows 90a and 90b) can be less than the 
distance between adjacent rows of surface mounting pads of FIG. 16, because each signal 
conductor surface mounting pad 82 has ground conductor surface mounting pads 83 on 

15 either side in the same row, as well as ground conductor surface mounting pads directly 
across from it in adjacent rows. 

The design of the electrical connector assembly 10 provides significant benefits. 
First, the design provides a connector that is modular in structure. That is, the number of 
signals desired to be provided by the connector can be varied simply by adding or 

20 subtracting the number of wafers and rows of insulative posts. Further, for each wafer or 
row of insulative posts, the number of signal conductors and the number of shield 
strips/ground conductors can be varied with minimal modifications to the design and 
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manufacturing processes. Therefore, meaningful cost and resource advantages are 
realizable due to the modular design of the electrical connector assembly 10. 

Significant electrical signal benefits are also realized by the electrical connector 
assembly 10. For example, electrical analyses have demonstrated significant reduction in 
cross-talk. Also, electrical analyses have demonstrated minimal attenuation and 
impedance mismatch characteristics. Furthermore, the electrical connector assembly 10, 
in electrical analyses, provides high data rates (greater than 6 Gb/s). Therefore, the 
electrical connector assembly 10 of the present invention appears to provide significant 
advantages over existing connector assemblies. 

Having described the preferred and alternative embodiments of the invention, it 
will now become apparent to one of ordinary skill in the art that other embodiments 
incorporating their concepts may be used. 

It is felt therefore that these embodiments should not be limited to disclosed 
embodiments but rather should be limited only by the spirit and scope of the appended 
claims. 

All publications and references cited herein are expressly incorporated herein by 
reference in their entirety. 
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